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50 EXYRATERREETRIAL WESOURCES.

lisien 10 the solar and lowar sjiectra dre cout
pured. Wo are naking hiboratars tressure-
meita of texvistifal sicks anid nitliverals fikely
to occiir on the Maon to feal whetliee they
disphey distinetice lamideseries elidructeristica
upon which u refilote seiplitg systeit can be
based avd, if thiey do, to guihier the tnfarmmtton
needéd o literpiret fad 1rnate menishig dta.
Teoo givnipe of sanijles are vequired in thess
imeasiremenis — vie (o vepresent ilie cvimniom
voik tyjes that ings be present wveér mud of
the luinir wvorfuce, snd the other (o Fepiesent

the more rarv folieralives sones wire the -

resonrceés are likely o be concentridod. i this
piper ®e fepoit ome reslix ol our studies
with (e firet griup (o siswer, in partiniled, tie
e Sl et B
§[s cdn shed wit ¢ t
lﬁ‘i.w;nhﬁdis.‘

g INTAL ARRANGEMEN

Lumineseente wis exviled with peotons,
X-tuye, and electrons.  ( Uliraviolet exeitition,

the fidet bogoetwiit sotites i the nevurad radii.
tloh enviswnineit of the Moun, wes foy asid 3
threse st nivasureinsnis because more cafplet
instrunientution would huce beeis teq to
efimiindte thie interforing background of cisilde
Uit present in ulivaviolet lamge; Wt i+ betiye
used it anie fater obandies.)  Totel luninescerco
ifensily wad siteasred witls oll thove g
meashfédments of linhhiodeence spevire with
peoitoit excitisthon were also miide.

Figure | shuws the exferimental evrangoment.
for the nicasurenrents with jiroton exeitation.
A Teéxas nuclear neatnin generator wis used (o
peividé u 2.8-contimeter-dinnreter fivam of 20
keV jiwvions with w fuit of 14 protons e =2 sei?
for he folel imtendiy nousurehionts. The
th‘?ii ‘.:'ii:' deterted by an RCA WA phivto-
multiplier (3000 (o T000-wmpire Pespoiise,
4090-ginpere peak) plaved it the sample chain-
ber window direcily above thesample. For the
spectral meisureméats, the vatrande oit of &
Guertiner ‘quarta-firissn  monochiromator was
placed at the sample chumber window, as
showii fn (b figure, and the détector at the exit
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Ficvmi X —Lavlidrectice méasureniont appabiatts e
cleétiva eseitntion.

s e en RCA 1728 pholomahiplir (3000

fo 7000-anijere Fesporise, I500-ainpere peak)
designied 6 give betier sensitivity at e shout-
ﬁfﬂ!&hﬁﬂd‘lﬁéiﬁ@. Foi these rbasuie
iménts the jiolvn avergy wis incieased (6 IND
kel uind thé fus to 8102 phritons enii~* see .

The esperiniicintal irvaigenient for thie nreds-
vrewienits with Xy escitation s showii i

figire 2. 'The Xoragn weére from o tuitgsten
target, ond (he tubs wis cpeinted »2 200
kifovelis and 4.0 willlemperes. A lewiglues
winddow wis sed to shiehd (he RCA 314
photumuliiplier froviscuttereid Xorags.,  Thune
sitbsnfon rivewsiventonts of (he leud gluss shiowed
that it enb ott sauie of the blite enid of the
spectfinni, bt (hifs intfodiicd @i serfons etfoic
it the relative fuiineseence infenditios becanse
ihve siifieral specirsl peiks, except in the cuite of
the low-intenisity mineral fivrblénide, sve in the
tegion of bifgh ttaniamisalon of the ehiss.
 Figiive 3 shoivs the experimental drraigenent
fov the indasbrenients with electiin excitation.
The elictroits were oblafited froa tlis beta
deeay of B¢ which provided efecsrons of op
10 2.3 MoV energy with a ftax, in this configtire-
tioh, of about 10% electrons em™® sev™t. The
RCA 931A photomultiptier was the Hyht de-
tector livee, alse. '
SAMPLES

Even before the Surveyor landings, (@ evi-
m«agmﬁaﬁmuuamm@x
suggestéd (it tho lunat rocks were probebl;
silicatés wnd probably most clusely teseritbled
{@ivestiial igneous rocks. The results of the
Surveyor alphu-scativring experiiients ate in
femaskible igrecinent wiih this; they give
chemical eompositiohs very close fo those of
tesvestirial basalt and gabbro (refs 6 anid 7).
T e e ok
fikely (6 be must abuirdaiit o the landr surfice
:‘:-M h?; — resiticted mmﬁn

s thoy &t mok® Mioer : .'l“. » ‘_&““.
ind siritetdive (hdin dve vooks aind, as u result,
cats be expeetd 16 give o invie nearly oniforin
fespouse. Rocks, by definiiion, are agyregites ol
¢an be deduced from the cheisetéristies of iheir
mm‘. A 4 L. Ly “.. L. N
ciskaling "‘“‘"1 “"i ol MM ‘.""N’ Coatsely

Wiih mineral dwis, himinescenve intensity
ealculations ¢an be imade for any tock in ibe
:nnlhiion m;j‘mhiwoéw vdrved on ihém%oﬁ

sakitonis. The oms pablishid Surveyor
cheéinical wuulysis from & Ko miﬁm T |
siee i fol greatly diferint frois thé imaria
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sitalyivs of Surveyois V aind V1 (rel. 8), which
shiggests thad differantiution, i it eccurred Wt
- ofl, may be much less sdvancad than I 15 on
Eirth. Huwever, the déta are too féw to be
coficlisive, so that in this shidy the entive
raiige from grniftle to ulirabasie wiis considered,

No fiipteoiite skinples wore sivesatived, hut
ince the avenige meteorite compakition I« ap-
prochinited very closely by one gark iron,
which 13 not luminesceit, o three parls
peridotite, the himinescenco chiracteristion of
ineteoritin cin be deduved from the mineral
dutn. 'The Survéyor V, Vi, and VI fnsjmet
expetiments indicated (hat little of fic mate
rial of chondritie or fron meteortis coimposition
was present ot the landing sites (refs. 9 to 1),
but, aguin, these few datii do fiot Aliniinute the
possibility that such tonterinl esisis elsewhere
on (he Mooi. In faet, sny local sccumuln.
tloiw of ol or Honchth ineteoiftes would
corstiiinie hinsotiant vesouives; therefote, méte-
orftes weie considered i ihis siudy.

RESULYS

Ti.. relative luminescence intensittes of the
messiired seimples ats shown in table 1, with

the value

¢
f
£
E
:

responseof theigneous rocks.
inteneity Enetibive—quiarts, poisseiuin feldepin

- ganrte and polessium feldspar

widd, o granltlo, rocks; the basde, or gabibsle,
focks fypleally contaln the lower Intenalty
ealclo plagtactiose and Bitle or 1o qosris.  Thess
twa rork sypes, thorefore, cani by expected to
differ slgnificantly in lunbiescence liatensity.
Flanre 4 siiionatises those relutions.

The himinesceircs intonsitim of the gneaie
tockn cdn be estimatell fn greatry dotsit iy
spplying the datw I tabile 1 to the ke ve
calenluted minerdl companithoms of ths cacdain
rocks fn the dilferentintion weriee. L. in
table & ure aversge chéiniva! coapoaitlons of
these rovks.  Granite ind basalt are the acidic
witd baile membein, reapeciively. Diszite and
thé average fanevs represent ihtevinedtinte
meinbaw, and pertdoiite the ulivabasic. The
stong coinjorient that nkes up about threw.
fourilis of the avérdge divteorite is very close
in comjusiifon to peridetite. With these duia
ard the known chemieal compositions of the
minerals, the minérel composition was calou-
lated for éach rock. The results ere shown il
table 3; ihey clearly indicalo ihe decrease in
i except in (e mﬁwﬁ
s (et in the ulkes ’“_""“
i pngocoe (et U ulibese focs)
peridotite. Though not sgmin ik table, the

increass in plagiocluse alsd involies &

sive change dozmmnihnaiuwpoﬁ tionn
&t the granfte end of the range 16 doiinanily
calvie composition at the basult aid peridotiie
end. Finally, for each rotk ilie minéral pro-
portions weré inuliiplied by the delative fami-
ivesvetive liltesnity of the corvesponding ihinerels
frodi table 1 and the restlts wiré added to give
the timmbers shown in table 4; thiwe ave the
wdimated rebstive luminesceince intensiides of
the variois fgnious rocks; including nveteorites,
tliat would be méssured with profon, Xiay,
and dedtron excitatioir. '

For all (hive excitution iypés; ihe data of
table 4 show & wasimum intensity for granite
and & progressive decressé to @ minimuin
intensity ot ibe dlirabasic end of the differen-
tation series. Moveover, cver the granite-
peridotite fange (here is 1o overlap beiween
focks of the intensity values for the ibred
exvitation sypes, except in thé case of dicitte
ind besali which; in iy eveni, wrié clode
togethies tii the differintiation saries. Applied to
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Tawidt V. —Melative Lursinescanca Infensily of the Oimiian Egnevies Hock-Forming Minerals
WA Various Types of Eacitation
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Tanin §.—hemical (omgponition of Poasible Lunar Rocks
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Tants; 4,~~Fetimated Reldlive Lumineacrnee
Intennity af Poawible Lunar Rocka
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fomute sonshig, (heso vesulls indicato that
fande conntérpuits of the rocke Histed 1 the
table should bo distigiilshoblo oi the basis of
luniingscénce Fesponss, At the very least, it
shoild bo possible to wap Hilolgle differences
over lovge ateas. ‘The puriieuldr rock types
cotild then be tdentified. by tho use or specital
data in addition to inténsily data and by
calibration of the detécted elgnal with the
samples feturned by the Apello mahiad
landing inissions. o

Fie nibtéorite atid peridotito values in tabls 4
alio ropresérit & casé of oveiap, but this,
it shiould be recalled, applies to the average
iiieteorite cobiposition, which vontains aboiit
one pait fn fout of iron. It any particular
instance, ah aréa of the Moon covered by iron
miétectites cnly, & most favorable rescifce

locality, woilld show alnivet séro Nindinesceiics. -

Chenidritié stoiiy iétecrites, on the othet haiid,
would be expected to have d luminescéiice in-
terizity indistinguishable from that of Juﬁd&ﬁtﬂ.
whereas the basaitic achondrites could probably
it be distinguished fiom basal on tho bils of
intensity. 4,

‘Some of the himinescéice spectia of the

" ininerals inensuréd withi pFoton excitition are

shown in figares 8 and 6. The bandwidih of
the quarts prism monochivmiator with the slit
wiiths réquired swis rather wide in the visible
wavelengths; thereford; the spectra have been
corréctéd to give values svér imbre nkrrow
intervals. Theé most cutstanding fektire is the
téridency for the qinitti aivd the feldspar spectiil
peaks fi oéeur at wivelenjths lovigef thaii

500 mp and for the ferroinngineslai apaciral
ponks {0 ocour at wavelengihm shoiler than
860 g, Other speoiinl diftorences afe ap-
pukant, but thiefe significance cannot be evalu.
ated without additlonal study, especially of
it mérous samples of ench mineral re’;pl‘mﬁﬂ'
virious luenlliles, geologlo agied, and foime o
eryataflization, anid of ¢he flash and nglr:‘u éffacts
deeribod hy Nash (réf. 195, Thene addiilonial
atudlen are dinie it progrens,

The fueasuréments of tho comingit Ignedi
pack-formfiig minorals fust describod will ansist

i mapping the country rucks of the Maon and,

t6 the oxtent that resonfee dopoilts ave asso.
clated with end or another rock typs; will
assist in séfectig arens thist should bn oxpla. 1d
inore Intonsively. Wo would fike olss th use
reinute sonshig tethmigues bised o luminese

coned to detact resoutce deposiis direotly. For

this purposs we ire studying some of the fore
important piteumatolytls and hydrothitnsel
minerals that may bé stable or metastable under
funatsurface conditions. Hydrothermal and
phétimatolytic depusits may ovutir on the Moon
if dirternal p ién; sisch a3 local voloariler afid

defluidization, have beesi active, as Sodiis to be

the case stcording fo evidence from lunaf

orbite# photographs ind from studies of lunsr

' tianslent avents. Thio deposiis could ootur as

sitface blarkets or as fillings and linings of
fissares opened by either impact or ihtérnal
wiil be & priime target for lunar

forces. 'They
tesguircs m:z,mioh Loth bevduse of the watei

and other resources éontained in the ininerals
dnd becnuss the flssure liself, in the case of
flssure otcurfences, muy have beéen ail avéniie
for rising flulds end may contain bodies of
water (of ice) trapped below the sufface. The

stherinal and pheumatolytic nilnertls in

- d _ugiqi {n our studies at® the siticates, épidote;

derpentine; chloiite, and the seolites; which
contain water or OH groups; sulfur énd the
sulfated; barite and alunits, which sré sources
of sulfu¥; end the catbonites caleite and
uiagnesite, of which calcite, at least in some of
it forms, Is kriown to bé « stroiigly laminéscent

Sotite redGiirce materials ais knowi to bs.
stivngly lunilhecent and ooiild be detected
agiliist the relatively inuch iiore weak himi-

ax. T T
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névgence of the eominion igheoiis focks, Thems
finehide flnorite (CAFy), scheelite (CaWO,), anid
- Kinzits, o typs of spodumene (LIAISIHO,),

~ In the studies now i progress, wa are aleo
evaluating ulivaviolet radiation as an excltation
sovirée aid aiudying the efféots of grniii-alze
vafiation, temperntiea varlaion, and radiation
damuge on the lumineicende charneteriatics,
The seiults of thews stivdles are expeocted to
pravide a fonndation wpon which « luminescaied
rémoto stnaliig téohniqiie ean bé bille both for

géneral geolario mapping and for the dissovery.

of résoupce deponits,
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